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FLIP-CHIP LIGHT EMITTING DIODE PACKAGE STRUCTURE 

CROSS-REFERENCE TO RELATED APPLICATION 
This application claims the priority benefit of Taiwan application serial no. 
92129869, filed on October 28, 2003. 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] The present invention relates to a semiconductor light emitting device, 
and more particularly to a flip-chip light emitting diode package structure. 
Description of the Related Art 

[0002] Light Emitting Diode (LED), fabricated with a semiconductor material 
of the Group III-V compound, can generate light, ranging from IR (infrared) to UV 
(ultraviolet). Recently, because of the development of the GaN blue/green LED, full 
color diode display and the other application can be implemented. 

[0003] A LED device is basically formed with a P-type or an N-type epitaxial 
layer of the Group III-V compound and an active layer, i.e. a emitting layer. The 
efficiency of the LED device depends on the internal quantum efficiency of the active 
layer and the light extraction efficiency of the device. The quantum efficiency can be 
improved by changing the epitaxial layer structure and the quality of the epitaxial layer. 
The improvement of the light extraction efficiency can be achieved by reducing the 
reflection in the diode. 



1 



FILE: 12240usf.RTF 



[0004] Traditionally, the electrodes of the GaN/sapphire LED are on the same 
surface. Because the electrodes block light, the GaN/sapphire LED usually uses a flip- 
chip package structure so that the light emits through the transparent sapphire substrate. 
Reflective layer is also formed on the epitaxial layer for reflecting most of the light to 
5 another side of the electrodes. Another advantage of the flip-chip package structure is 
that when an appropriate surmount, such as, an aluminum nitride submount, is applied, 
the thermal dispersion of the device can be improved under a high current operation. 
Therefore, the light extraction efficiency can be improved and the quantum efficiency of 
the active layer will not be degraded resulting from the thermal problem. 

10 [0005] FIG. 1 A is a schematic cross-sectional view showing a prior art flip-chip 

LED package structure. Referring to FIG. 1 A, the package structure comprises a 
submount 100 and a LED chip 102, wherein the submount 100 includes bonding pads 
104 and the LED chip 102 has bumps 106 thereon. When the LED chip 102 is flipped 
and disposed on the submount 100, the LED chip 102 electrically connects with the 

15 bonding pads 104 of the submount 100 via the bumps 106. 

[0006] FIG. IB is a schematic cross-sectional view showing a prior art structure 
of a flip-chip LED package structure on a circuit board. Referring to FIG. IB, the flip- 
chip LED package structure is disposed on the circuit board 108 by wire bonding 
thereby connecting the conductive wire 1 12 with the bonding pads 104 and with the 

20 electrodes 1 10 of the circuit board 108. Therefore, the LED chip 102 electrically 

connects with the circuits of the circuit board 108 via the bumps 106 and the conductive 
wire 112. 

[0007] However, because of the shrinkage of the width of the conductive wire 
112, the conductive wire 1 12 becomes fragile and is easily broken during the process. 
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The manufacturing cost thereby increases. Moreover, because a plurality of LED 
package structures is disposed on the board 108, multiple wire bonding are required and 
the cost is increased. 

[0008] In addition, in a flip-chip LED package structure, the LED chip 102 is 
5 flipped on the submount 100 for electrically connecting therewith by the bumps 106. 
Therefore, the size of the prior art flip-chip LED package structure is big. 

SUMMARY OF THE INVENTION 
[0009] Therefore, an object of the present invention is to provide a flip-chip 
10 light emitting diode package structure serving electrical connection between a substrate 
and a board without wire bonding. 

[0010] The object of the present invention is to provide a flip-chip light emitting 
diode package structure that has a small size. 

[0011] The present invention discloses a flip-chip light emitting diode package 
1 5 structure, which comprises a submount, a first and a second patterned conductive film, a 
light emitting diode (LED) chip and two bumps. The submount has a first surface and a 
second surface opposite to the first surface, and a plurality of grooves on sidewalls 
thereof. The grooves can be on the same sidewall or on different sidewalls, or on the 
sidewall corner. The number of the grooves on each sidewall can be equal or different. 
20 [0012] The first patterned conductive film is disposed on parts of the first 

surface, the second surface and a part of the inner wall of the grooves. The second 
patterned conductive film is disposed on parts of the first surface, the second surface 
and a remaining part of the inner wall of the grooves. The first and the second 
conductive films are not next to each other. 
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[0013] The light emitting diode (LED) chip is disposed on the submount and has 
two electrodes thereon. The bumps are disposed between the electrodes of the LED 
chip and the first and the second patterned conductive films for electrically connecting 
the LED chip with the first and the second patterned conductive films. 
5 [0014] Additionally, the present invention discloses another flip-chip light 

emitting diode package structure, which comprises a submount, a first patterned 
conductive reflection film and a second patterned conductive reflection film, a light 
emitting diode (LED) chip and two bumps. The submount has a first surface and a 
second surface opposite to the first surface. The submount also includes an indentation 
10 on the first surface thereof. The sidewall and the bottom of the indentation form an 
obtuse angle. 

[0015] The sidewalls of the submount have a plurality of grooves. The grooves 
can be on the same sidewall or on different sidewalls. Furthermore, they can be on the 
sidewall corner. The number of the grooves on each sidewall can be equal or different. 

1 5 [0016] The first patterned conductive reflection film is disposed on portions of 

the first surface, the second surface, a first sidewall and the bottom of the indentation 
and the inner wall of the grooves. The second patterned conductive reflection film is 
disposed on parts of the first surface, the second surface, a second sidewall and the 
bottom of the indentation, and the inner wall of the grooves. Moreover, the first and the 

20 second patterned conductive reflection films are not next to each other. 

[0017] The light emitting diode (LED) chip is disposed inside the indentation of 
the submount. The bumps are disposed between the electrodes of the LED chip and the 
first and second patterned conductive reflection films for electrically connecting the 
LED chip with the first and second patterned conductive reflection films, respectively. 
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[0018] The present invention provides forming grooves on the sidewalls of the 
submount of the LED package structure and forming conductive films on the grooves. 
In other words, the conductive films are formed also on the top and backside surfaces. 
Therefore, when the LED package structure of the present invention is disposed on a 
5 circuit board, the conductive film on the backside surface of the submount electrically 
connects with the electrode of the circuit board for electrically connecting the LED chip 
with the circuits of the circuit board via the bumps without wire bonding. Accordingly, 
the manufacturing cost is lower. 

(0019] In a preferred embodiment of the present invention, because the LED 

10 chip is inside the indentation of the submount, the size of the package structure can be 
reduced. Moreover, the light from the LED in the indentation can be reflected by the 
conductive reflection films on the sidewalls of the indentation and is being emitted 
collectively to the outside of the indentation. The present invention, therefore, can 
improve the efficiency of the LED. 

1 5 [0020] In order to make the aforementioned and other objects, features and 

advantages of the present invention understandable, a preferred embodiment 
accompanied with figures is described in detail below. 



BRIEF DESCRIPTION OF THE DRAWINGS 
20 [0021] FIG. 1 A is a schematic cross-sectional view showing a prior art flip-chip 

LED package structure. 

[0022] FIG. IB is a schematic cross-sectional view showing a prior art structure 
of a flip-chip LED package structure on a circuit board. 
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[0023] FIGS. 2 A and 2B are schematic cross-sectional views showing the 
progression of steps for fabricating a flip-chip light emitting diode (LED) package 
structure according to a first preferred embodiment of the present invention. 

[0024] FIG. 2C is a cross-sectional view of FIG. 2B along the cutting line I-F. 
5 [0025] FIG. 3 A is a schematic perspective view showing the flip-chip LED 

package structure of the first preferred embodiment of the present invention. 

[0026] FIG. 3B is a schematic backside, perspective view of the flip-chip LED 
package structure of the first preferred embodiment of the present invention. 

[0027] FIG. 4 is schematic cross-sectional view showing a LED package 
10 structure on a circuit board of the present invention. 

[0028] FIG. 5A is a schematic cross-sectional view of a LED package structure 
according to a second preferred embodiment of the present invention. 

[0029] FIG. 5B is schematic perspective view of the LED package structure as 
shown in FIG. 5A. 

15 [0030] FIG. 6 is a schematic diagram illustrating the location of the conductive 

film on the surface of the substrate of the present invention. 

[0031] FIG. 7 A is a schematic diagram of a submount structure with a 
conductive film according to an embodiment of the present invention. 

[0032] FIG. 7B is a schematic diagram of a submount structure with a 
20 conductive film according to another embodiment of the present invention. 

DESCRIPTION OF SOME EMBODIMENTS 
[0033] FIGS. 2 A and 2B are schematic cross-sectional views showing the 
progression of steps for fabricating a flip-chip light emitting diode (LED) package 
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structure according to a first preferred embodiment of the present invention. FIG. 2C is 
a cross-sectional view of FIG. 2B along the cutting line I-I\ 

[0034] Referring to FIG. 2 A, the method of fabricating a flip-chip LED package 
structure includes forming a plurality of holes 202 on a substrate 200 by a laser or a drill. 
5 The substrate 200 can be, for example, aluminum nitride, boron nitride or beryllium 
oxide. The substrate 200 serves as a submount of the flip-chip LED package structure. 
Size, shape, arrangement and distance of the holes 202 are not specified and depend on 
the specification of the manufacturing process. 

[0035] In another preferred embodiment, a plurality of indentations (not shown) 
10 is formed on the substrate where the holes 202 are not present. The method of forming 
the indentations is, for example, an etching process. Detail descriptions are as followed. 

[0036] A photoresist layer (not shown) is formed on the top surface 204 of the 
substrate 200 where a LED chip is going to be disposed thereon and on the backside 
surface 206,. In the embodiment in which indentations are formed, the photoresist layer 
1 5 is formed on parts of the top and backside surfaces of the substrate and on the 

indentations where the LED chip is going to be disposed therein. An electroplating 
process is performed for coating a conductive film 208 on the substrate 200, which 
comprises, for example, immersing the substrate 200 into an electrolyte solution; and 
applying a voltage to conduct electroplating for forming a conductive film 208 on the 
20 substrate 200 and the inner wall of the holes 202. The photoresist layer is then removed 
to expose the part of the substrate 200 without the conductive film 208. 

[0037] Referring to FIGS. 2B and 2C, the bumps 212 are formed on the anode 
electrode 214 and cathode electrode 216 of the LED chip 210. The bumps212 can be, 
for example, a Sn-Pb alloy, a Sn-Au alloy, Au or any other conductive material. Then, 
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a plurality of LED chips 210 is flipped and disposed on the surface 204 of the substrate 
200. The bumps 212 of the LED chip 210 connect with the conductive films 208a and 
208b, respectively. The LED chip 210 electrically connects with the conductive film 
208 of the substrate 200 via the bumps 212. 
5 [0038] The substrate 200 having the LED chips 210 is sawed by a laser or a 

mechanical cutter. It can be sawed along the mark 220 for forming each submount 200a 
with a LED chip 210. FIG. 2C is a cross-sectional view of the flip-chip LED package 
structure after being sawed. 

[0039] FIG. 3A is schematic perspective view showing the flip-chip LED 
10 package structure of the first preferred embodiment of the present invention. FIG. 3 A is 
the perspective view of FIG. 2C. FIG. 3B is schematic perspective view showing the 
backside of the flip-chip LED package structure of the first preferred embodiment of the 
present invention. 

[0040] Referring to FIGS. 2C, 3 A and 3B, the flip-chip LED package structure 
15 comprises the submount 200a, the conductive film 208, the bumps 212 and the LED 
chip 210. The LED chip 210 is flipped and disposed on the submount 200a. The 
bumps 212 are formed between the anode electrode 214 of the LED chip 210 and the 
conductive films 208a, the cathode electrode 216 of the LED chip 210 and 208b for 
electrically connecting the LED chip 210 and the conductive films 208a and 208b via 
20 the bumps 212, respectively. The bumps 212 can be, for example, a Sn-Pb alloy, a Sn- 
Au alloy, Au or any other conductive material. 

[0041] Two sidewalls, such as sidewalls 222 and 224, of the submount 200a 
have the grooves 218a and 218b respectively. The shape of the grooves 218a and 218b 
can be, for example, rectangular grooves, triangular grooves or cylindrical grooves. 
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Although in this embodiment, the shape of the grooves is cylindrical, the shape of the 
grooves 218a and 218b is not limited thereto. 

[0042] The conductive films 208a and 208b are formed on the inner wall of the 
grooves 218a and 218b and extend to portions of the top surface 204 and the backside 
5 surfaces 206 of the submount 200a, respectively. It should be noted that a gap exists 
between the conductive films 208a and 208b on the top surface 204 and the backside 
surface206 of the submount 200a. The gap on the surface 204 of the submount 220a is 
where the LED chip is going to be disposed thereon. 

[0043] It should be noted that in the preferred embodiment of the present 
10 invention, the location of the grooves of the submount 200a can be re-arranged by 
altering the arrangement of the holes 202, the location of the conductive film or the 
method of sawing the substrate 200. For example, m grooves are disposed on a sidewall 
of the submount 200a and n grooves are disposed on another sidewall thereof. The 
sidewalls can be next or opposite to each other. M can be or can be not equal to n. In 
1 5 this embodiment, the number of grooves formed on the opposite sidewalls is the same, 
and both m and n are 1 . 

[0044] Additionally, the grooves can be on the sidewall corner of the submount. 
Following are two embodiments showing the change of the location of the grooves on 
the submount. 

20 [0045] Referring to FIG. 6, it is a figure showing the location of the conductive 

film on the surface of the substrate of the present invention. The substrate 600 includes 
a plurality of holes 202 and the conductive film 208. In the subsequent process, the 
substrate 600 is sawed along the mark 602 for forming the submount shown in FIG. 7A. 
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[0046] Referring to FIG. 7A, the grooves 702a, 702b and 702c are on the 
sidewalls of the submount 700a, opposite to each other. The grooves 702b and 702c are 
disposed on the same sidewall, which is opposite to the sidewall where the grooves 
702a are disposed thereon. Additionally, the conductive film 208a is formed on 
5 portions of the groove 702a, the top and backside surfaces of the submount 700a. The 
conductive film 208b is formed on parts of the inner wall of the groove 702b and 
groove 702c, the top and backside surfaces of the submount 700a. When the LED chip 
(not shown) is disposed on the submount 700a, two electrodes of the LED chip 
electrically connect with the conductive films 208a and 208b via bumps (not shown). 

10 [0047] Referring to FIG. 6, during the subsequent process, the substrate 600 is 

sawed along the mark 604 for forming the submount shown in FIG. 7B. Referring to 
FIG. 7B, the grooves 704a and 704b are on the sidewalls of the submount 700b which 
are next to each other, and the groove 704c is disposed on the sidewall corner of the 
submount 700b. The conductive film 208a is formed on parts of the inner wall of the 

15 grooves 704b and 704c, the top and backside surfaces of the submount 700b. The 

conductive film 208b is formed on parts of the inner wall of the groove 704a, the top 
and backside surfaces of the submount 700b. When the LED chip (not shown) is 
disposed on the submount 700b, two electrodes of the LED chip electrically connect 
with the conductive films 208a and 208b via bumps (not shown), respectively. 

20 [0048] FIG. 4 is schematic cross-sectional view showing a preferred LED 

package structure on a circuit board of the present invention. Referring to FIG. 4, the 
circuit board 226 has electrodes 228 and 230. When the LED package structure is 
disposed on the circuit board 226, the conductive film 208 on the backside surface of 
the submount 200a electrically connects with the electrodes 228 and 230 for electrically 
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connecting the LED chip 210 and the circuits of the circuit board 226. Therefore, the 
LED package structure according to one preferred embodiment of the present invention 
can electrically connect the LED chip 210 and the circuits of the circuit board 226 
without wire bonding. Accordingly, the manufacturing cost is reduced and the process 
5 is simplified. 

[0049] Additionally, in a second preferred embodiment, an indentation is 
formed inside the submount for supporting the LED chip and reducing the package size. 
Detail descriptions are discussed as followed. 

[0050] Whenever possible, the same reference numbers in the drawings and the 
10 description are used in the first and the second embodiments to refer to the same or like 
parts. It should be noted that a same type of material and method of formation are used 
in forming the same or like parts in the first and the second embodiments. Details of 
that will not be further reiterated. 

[0051] FIG. 5 A is a schematic cross-sectional view of a LED package structure 
15 according to a second preferred embodiment of the present invention. FIG. 5B is 
schematic perspective view of the LED package structure as shown in Figure 5 A. 

[0052] Referring to FIGS. 5A and 5B, the flip-chip LED package structure 
comprises submount 300, the conductive reflection films 308a and 308b, the bumps 212 
and the LED chip 210. The LED chip 210 has anode electrode 214 and cathode 
20 electrode 216 thereon. The bumps 212 are formed between the anode electrode 214 and 
the conductive reflection films 308a, and between the cathode electrode 216 of the LED 
chip 210 and the conductive reflection films 308b, respectively. 

[0053] The top surface 304 of the submount 300 has an indentation 302, which 
is formed, for example, by an etching process or thermal press. The angle formed 
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between the sidewalls 310 and 312 and the bottom surface 3 14 of the indentation302 is 
preferably an obtuse angle to reflect the light emitting from LED chip 210. The LED is 
disposed within the indentation 302 and electrically connects with the conductive 
reflection films 308a and 308b at the bottom surface 314 of the indentation302 via the 
5 bumps 212. 

[0054] In addition, the submount 300 has grooves on the sidewalls thereof. For 
example, the grooves 218a and 218b are formed on the sidewalls 316 and 318, 
respectively. The shape of the grooves 218a and 218b can be, for example, rectangular 
grooves, triangular grooves or cylindrical grooves. Although in this embodiment, the 
10 grooves are cylindrical shape, the shape of the grooves 218a and 218b is not limited 
thereto. 

[0055] Of course, the present invention does not specify the number of grooves 
on the sidewalls of the submount. In this embodiment, the number of grooves on a 
sidewall of the submount 200a is m and the number of grooves on another sidewall of 

15 of the submount 200a is n. The sidewalls can be next to or opposite from each other. M 
can be or can be not equal to n. In this embodiment, both m and n are 1 . 

[0056] The conductive reflection films 308a and 308b are formed on the inner 
wall of the grooves 218a and 218b and extend to parts of the top surface 304and the 
backside surface 306 of the submount 300, and to the sidewalls 310 and 312 and the 

20 bottom surface 314 of the indentation 302. A gap exists at the bottom surface 3 14 of 
the indentation3 02 and on the backside surface 206 of the submount 300 between the 
conductive reflection films 308a and 308b. The gap is where the LED chip 210 is going 
to be disposed thereon. 
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[0057] In this embodiment, the location of the LED chip on the circuit board is 
similar to that in the first embodiment. In both embodiments, the LED chip and the 
circuit board through the bumps and the conductive reflection films, rather than through 
wire bonding to reduce the manufacturing cost. 
5 [0058] Specially, the LED chip 210 is disposed within the indentation 302 of the 

submount 300 in accordance to the instant invention. The sidewalls 310 and 312 of the 
indentation 302 have conductive reflection films 308a and 308b thereon to collectively 
reflect the light to outside of the indentation 302. Therefore, the brightness and 
efficiency of the LED are improved. 
10 [0059] Additionally, because the LED chip 210 is disposed within the 

indentation 302 of the submount 300 in this embodiment, the height of the package 
structure is similar to that of the submount 300. Therefore, the package size can be 
reduced and the utility of the space of the device can be improved in accordance to the 
present invention. 

1 5 [0060] Although the present invention has been described in terms of 

exemplary embodiments, it is not limited thereto. Rather, the appended claims should 
be constructed broadly to include other variants and embodiments of the invention 
which may be made by those skilled in the field of this art without departing from the 
scope and range of equivalents of the invention. 
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